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Anterior ischemic optic neuropathy (AION) is a
common and visually disabling disease affecting
middle-aged and elderly patients, often sequentially
bilateral, that is caused by acute ischemia of the
optic nerve head. Two pathologic forms of this dis-
ease have been described: arteritic and nonarteritic.
Nonarteritic AION occurs predominantly in white
patients in their 50s and 60s and leaves patients
with a relatively good preserved visual function
compared with arteritic AION (giant cell arteritis).
Visual field loss is typically painless, of sudden onset
with no premonitory symptoms, and is classically
altitudinal in configuration.
The natural history data on nonarteritic AION
reports spontaneous improvement rates from 0 to
33%,1 with improvement usually happening 5 to 9
weeks after the onset of symptoms.2 Proposed
pathophysiologic mechanisms include ischemia
caused by occlusive disease (atherosclerotic or
arteritic in nature) of the ophthalmic artery, the
central retinal artery, or the short posterior ciliary
arteries,3 resulting in a diminished perfusion pres-
sure of the anterior portion of the optic nerve (a rel-
ative watershed area). Also, the size of the optic disc
plays a role, probably through a compressive effect
at the level of the lamina cribrosa on axons subject-
ed to ischemia.4 In contrast, ipsilateral carotid
artery stenosis has not been found to be a risk fac-
tor for AION,5 and embolic AION is considered
extremely rare.2,6
A patient with nonarteritic left AION coinciding
with tight stenosis of the origin of the left internal
Carotid endarterectomy in a patient with
anterior ischemic neuropathy
Manuel V. Mendez, MD, Christine A. C. Wijman, MD, Ippolit C. A. Matjucha,
MD, and James O. Menzoian, MD, Boston, Mass
A case of anterior ischemic optic neuropathy (AION) associated with 90% stenosis of the
ipsilateral internal carotid artery (ICA) and diminished blood flow through the oph-
thalmic artery was studied. After carotid endarterectomy (CEA), the patient showed
subjective and measurable improvement in vision and increased ophthalmic artery flows.
This observation supports the role for screening carotid duplex scanning and transcra-
nial Doppler in patients with AION. Early CEA in patients with associated ipsilateral
ophthalmic artery hypoperfusion may improve visual outcome. (J Vasc Surg
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Fig 1. A more than 90% stenosis localized at the proximal
ipsilateral internal carotid artery with a significant post-
stenotic dilatation revealed by means of a left selective
carotid arteriogram.
carotid artery (ICA) was studied. He underwent left
carotid endarterectomy (CEA) 11 days after the
onset of symptoms and experienced significant post-
operative subjective and objective improvement of
ipsilateral vision. 
CASE REPORT
A 61-year-old man with a history of hypertension,
coronary artery disease, and aortic valve stenosis came to
the emergency department with a 5-day history of monoc-
ular blindness affecting the left eye. He described this
complaint as an initial “black speck” that interfered with
his vision, followed by persistent central clouding that was
more noticeable in the inferior half of his visual field. He
denied other neurologic symptoms. The patient gave no
previous history of visual impairment. Physical examina-
tion was unremarkable, except for a bruit over the left
carotid artery and a murmur of aortic distribution on car-
diac auscultation. The rest of the vascular and neurologi-
cal examination was normal. 
Normal pupillary size and normal extraocular move-
ments were revealed by means of an ophthalmologic eval-
uation at admission. Quantitative visual field perimetry was
performed in both eyes with a Goldmann instrument.
Perimetry was calculated with different target sizes (I to V)
at the same light intensity (4) and with the same filter (e).
For each target size, an isopter was mapped and its area was
expressed by a sum of degrees visualized in nasal, temporal,
superior, and inferior fields. Results are shown in Table I.
The patient’s right eye showed nonfocal constriction
attributed to the patient’s slow response during the test,
and a best-corrected central acuity of 20/25. On the left,
he could only count fingers at a distance of 3 feet. Blurred
disk margins, disc edema, and a flame-shaped hemorrhage
were revealed by means of a fundoscopic examination of
the left eye. Vessels in the left eye showed venous conges-
tion and no Hollenhorst plaques. An erythrocyte sedi-
mentation rate of 30 was revealed by means of laboratory
data, and no other abnormality was revealed. Normal
sinus rhythm was shown by means of an electrocardio-
gram, and the patient’s chest radiograph was unremark-
able. The transthoracic echocardiogram was negative for
sources of emboli.
A heterogeneous plaque in the proximal left ICA with
more than 90% stenosis of the lumen was shown by means
of a carotid duplex scan. Asymmetric flow in the oph-
thalmic arteries, with significantly decreased flow in the left
side, was revealed by means of transorbital Doppler ultra-
sound (Table II). No parenchymal abnormalities and nor-
mal globes and optic nerves were revealed by means of
brain magnetic resonance imaging. The right ICA and
right vertebral arteries were shown to be normal by means
of magnetic resonance angiography (MRA). On the left, a
2 by 1 cm filling defect at the origin of the ICA, which was
consistent with 80% stenosis, was noted. A question of
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Fig 2. A tight stenotic segment in the proximal ipsilateral internal carotid artery with large
poststenotic dilatation shown by means of an arteriotomy extending from the left common
carotid artery to the left ipsilateral internal carotid artery. A 2 to 3 mm posterior ipsilateral
internal carotid artery branch was also identified.
carotid dissection was raised based on the left ICA appear-
ance on MRA, and a carotid arteriogram was obtained. A
tight stenosis at the take-off of the left ICA with a post-
stenotic dilatation was revealed by means of the arteri-
ogram, as shown in Fig 1. The patient was heparinized and
underwent a left CEA 10 days after the onset of symptoms.
Intraoperative findings included a tight stenosis at the
bifurcation with a moderate-to-large poststenotic dilata-
tion with a mid-ICA branch of about 2 to 3 mm diame-
ter in the posterior wall, right at the distal portion of the
dilatation (Fig 2). There were no intraoperative compli-
cations. The postoperative neurological examination was
intact.
The patient described a significant improvement in his
vision in the left eye during the immediate postoperative
period, and it remained stable until discharge.
Improved blood flow through the left ophthalmic
artery was revealed by means of a follow-up transorbital
Doppler performed 5 days after endarterectomy (Table
II). Some resolution of disk edema and improvement in
visual acuity and of visual field testing was revealed by
means of a neuro-ophthalmologic evaluation of the left
eye (Table I), with the patient now able to detect the III
4 e- and IV 4 e- targets. No comparable expansion of the
right eye’s visual field was seen (Table I). At a clinical
follow-up examination 21 weeks after surgery, the
patient’s neurologic examination remained stable and
his visual acuity had improved from 20/250 initially to
a postoperative visual acuity of 20/160.
DISCUSSION
Nonarteritic AION is considered to be related to
anatomic risk factors of the optic disk, with local or sys-
temic hypotension7 as a triggering event. An anatom-
ic risk factor found frequently in patients with nonar-
teritic AION is a small and crowded optic nerve head
(a so-called “disc at risk”). This is considered to be a
congenital anatomical variant.4 Ophthalmic artery
blood flow has been shown to be reduced in patients
with hemodynamically significant carotid artery steno-
sis,8 and thus, triggering localized hypotension could
potentially be the result of progressive occlusive dis-
ease of the ipsilateral ICA artery. 
Associated systemic diseases include hypertension
in as much as 47% of patients and diabetes mellitus in
as much as 38% of patients.1 Clinical progression is a
feature that is well recognized. Deterioration of visu-
al loss within a few days is not uncommon, but less
than 10% of patients worsen after more than 10
days.9 Subsequent involvement of the contralateral
eye is reported in at least 25% of the patients.
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Table I. Ophthalmologic evaluation of the right eye (OD) and left eye (OS) preoperative and postopera-
tive after left carotid endarterectomy.
OD OS
Preoperative Postoperative Preoperative Postoperative
Visual acuity 20/25 20/30 Count fingers 20/250
Visual field* III-4e-isopter 170° 110° Not seen 18°
IV-4e-isopter – – Not seen 38°
V-4e-isopter 195° 145° 30° 51°
*Visual field area (isopter) is expressed as the sum of degrees visualized in nasal, temporal, superior, and inferior fields by means of dif-
ferent size (III–V) targets at the same light intensity (4) and same filter (e-) on Goldmann visual field instrument.
Table II. Preoperative and postoperative systolic and diastolic flow velocities through the ophthalmic
arteries as determined by means of transorbital Doppler. Normal peak systolic velocities for the ophthalmic
artery range between 35 and 45 cm/s.
Transorbital Postoperative ophthalmic
window Preoperative ophthalmic artery flow (cm/s) artery flow (cm/s)
Depth OS (left eye) (systolic/diastolic) OD (right eye) (systolic/diastolic) OS (left eye) (systolic/diastolic)
45 mm No flow 29/0 23/0
50 mm No flow 44/10 27/5
55 mm 18/0 46/10 40/10
60 mm 18/0 51/12 35/10
Several reports indicate that AION is not associ-
ated with extracranial atherosclerotic carotid occlu-
sive disease,2,5 and its incidence is not higher than
would be expected for an age-matched population
without ischemic neuropathy. Fry et al5 evaluated 15
consecutive patients with AION by means of carotid
duplex scanning and documented a 19% mean
carotid stenosis in this group, compared with 9% in
asymptomatic controls (P > .05). Also, the incidence
of stroke, transient ischemic attack (TIA), or both in
patients with AION is relatively low.2,10 On the other
hand, Kirshner et al11 reported an AION incidence
of 1.5% in patients in whom visual symptoms led to
subsequent CEA. All patients given diagnoses of
AION in this cohort had carotid stenosis greater than
70% (8 of 512 patients). The visual outcome after
CEA for this subgroup of patients was not reported.
Also, Waybright et al12 reported 3 cases of AION
and ipsilateral ICA occlusions. Two of the patients
experienced TIA in temporal proximity to the onset
of AION and were found by means of arteriogram to
have hypoperfusion of the distal optic nerve head. 
In this case report, the transorbital Doppler find-
ings were consistent with significantly diminished
flow through the ophthalmic artery associated with a
tight stenosis of the ipsilateral ICA. This finding could
be explained in part by a possible defect in cerebral
blood flow compensatory mechanisms. As ophthalmic
artery flow improved after CEA, demonstrated by
means of transorbital Doppler, an almost immediate
subjective improvement of vision was documented;
and measurable improvement was documented on
the postoperative ophthalmologic evaluation. 
The improvement in this patient’s disk appearance
is consistent with the expected resolution of edema and
eventual evolution to partial optic pallor expected in
the aftermath of AION. The visual field improvement
of the left eye is not explained by retesting artifact,
because the patient showed no comparable improve-
ment in the contralateral eye. Although it is tempting
to attribute such improvement to the CEA, reports of
significant visual recoveries without intervention
should cause us to consider such therapeutic attribu-
tion with care. In a recent prospective randomized trial
testing the therapeutic effects of optic nerve sheath
decompression, visual acuity improvement in the non-
operative group was 42.7%.13 In contrast with the
improvement documented in our case, the improve-
ments reported in that study were documented during
a significantly longer period (3 to 6 months).
A causal relationship between atherosclerotic
occlusive carotid disease and AION has not been
established, but the potential benefits of reestablish-
ing adequate ophthalmic artery flow by CEA in
patients with AION and hemodynamically signifi-
cant carotid stenosis has not been addressed. 
There may be a beneficial effect of early CEA in
the visual outcome of AION; further studies are
needed to generate guidelines for the management
of hemodynamically significant carotid disease in the
patient with AION. 
CONCLUSION
We cautiously suggest that by reestablishing
adequate perfusion pressure to the relative water-
shed area of the ciliary arterioles supplying the
prelaminar optic nerve and rescuing critically
ischemic areas, surgical intervention may have
resulted in partial recovery of optic nerve function
in this instance. Diminished or absent ipsilateral
ophthalmic artery blood flow on transorbital
Doppler testing may indicate those patients with
AION and significant carotid stenosis for whom
early CEA may improve visual outcome. Our case
also supports the practice of performing screening
carotid duplex and transorbital Doppler studies in
selected patients with nonarteritic AION, especially
those with risk factors for carotid artery occlusive
disease. Further studies are needed to elaborate
guidelines in the treatment of patients with coinci-
dental hemodynamically significant carotid stenosis
and AION.
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CORRECTION
Figs 2 and 3 were incorrectly printed in the November 1998 article entitled “Endoscopic perforator vein
division with ablation of superficial reflux improves venous hemodynamics” by Jeffrey M. Rhodes, MD, et al
(J Vasc Surg 1998;28:839-47). The illustration in Fig 2 should have been pictured in Fig 3, and the illustra-
tion in Fig 3 should have been pictured in Fig 2. The correct figures and legends appear below.
Fig 2. Calf muscle pump function (refill volume) mea-
sured both pre- and postoperatively in the operated (n =
28) and nonoperated contralateral limbs (n = 18). *P <
.01; dashed line indicates normal refill volume ‡ 0.7
mL/100 mL tissue.
Fig 3. Venous incompetence measured by time to refill
90% of calf blood volume (T90) after exercise, both pre-
and postoperatively in operated (n = 28) and nonoperated
contralateral limbs (n = 18). *P < .01; dashed line indicates
normal T90 ‡ 25 seconds. 
